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(54) An estrogen binding proteinaceous substance, its possible role in estrogen action, and 
potential use. 

(57) The invention relates to an estrogen binding 
proteinaceous substance. The substance is different 
from the classical cytosol or nuclear ER (type I and II) in 
a number of characteristics. The novel estrogen binding 
substances according to the invention will be collec- 
tively referred to as estrogen binding protein (EBP). 

The invention provides a murine estrogen binding 
proteinaceous substance or a mammalian equivalent 
thereof, the murine substance comprising a subunit 
having a molecular weight of about 61-67 kD as ana- 
lyzed by SDS-PAGE. 

In its active form this proteinaceous substance usu- 
ally appears as a heterodimer, whereby one subunit of 
the murine substance is the 61-67 kD proteinaceous 
substance and the other subunit is a 17-22kD proteina- 
ceous substance, whereby the resulting heterodimer 
has a molecular weight of about 81 -84 kD as measured 
by gel electrophoresis. 

The genes encoding EBP and antibodies directed 
against EBP are also part of the invention. 
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Description 

[0001 ] The invention relates to th field of steroid hormones and their binding to various rec ptors and other binding 
substances. It r lates in particular to binding substances for steroid hormones that have an affinity for estrogen. 

5 [0002] Estrogen induces a plethora of actions (1 -4). It is generally accepted that estrogenic action is mediated by spe- 
cific estrogen receptors (ER) present in estrogen target tissues (5-9). However, the majority of estrogen related physi- 
ological functions can not be explained on the basis of action mediated through the ER. The vagina is the most sensitive 
estrogen responsive organ in the female. The presence of ER and the role of ER in estrogenic action on the vagina has 
never been well determined. Only a few publications have appeared in the literature on detection of ER in the vagina 

w and the results have sofar not been consistent. Also, there is little information about the presence of ER in the central 
nervous system in which estrogen significantly influences the behavioral and biochemical consequences which regu- 
late for instance the well being of the female (1 0-1 3). Similarly the role of ER has not been well characterized in a variety 
of other estrogen related functions such as the negative (LH and FSH) and in particular the positive (prolactin) feed 
back mechanism of estrogen at the hypothalamic-pituitary level (14-19). Only recently, dopamine has been shown to 

»5 regulate estrogen responsive elements, but most strikingly the action appears not to be mediated through the estrogen 
receptor but through an unknown mechanism (20). Furthermore there is hardly any publication in which ER has been 
related to the potent action of alleviation of chorea by estrogen in patients treated with neuroleptics, in the mechanism 
of action of estrogen as an antipsychotic agent, the role of estrogen in striata nigra in Alzheimer's or Parkinson dis- 
eases. Similarly the role ot ER and estrogens in the protective action against heart infarct in premenopausal women, 

20 immune protective action and the role in bone density maintenance is largely undetermined(21 -29). The studies on cor- 
relation between the presence of ER in the estrogen dependent cancers and the response to endocrine therapy have 
shown that there may be other additional mechanisms by which estrogen induces its action (30). In this context, the role 
of estrogen in carcinogen induced tumors is also not clear (31-36). We have shown that there is substantial evidence 
to demonstrate that the classical ER is not involved in the induction of estrogenic action of some compounds which are 

25 as potent as the natural estrogen, estradiol-1 7p (37,38). Recently, a book has been published arguing strongly the point 
that there may be a "non-genomic" alternative mechanism of steroid hormone action mediated by mechanisms other 
than via the classical receptors (39). 

Thus there is a clear need to investigate the existence of alternative mechanisms for estrogen action and to investigate 
the presence of other types of estrogen binding substances for a complete understanding of the multi-actions of estro- 
30 gens, so that the many estrogen related disorders in mammals can be better treated. 

The present invention provides a novel estrogen binding proteinaceous substance which has been demonstrated to be 
related to some of the unexplained estrogen related phenomena in mammals. 

According to the invention there is disclosed another form of estrogen binder which is different from the classical cytosol 
or nuclear ER (type I and II) in a number of characteristics. The novel estrogen binding substances according to the 
35 invention will be collectively referred to as estrogen binding protein (EBP) An overview of the substantial amount of data 
collected on EBP is provided in table 1 . 

Thus the present invention provides a murine estrogen binding proteinaceous substance or a mammalian equivalent 
thereof, the murine substance comprising a subunit having a molecular weight of about 61-67 kD as analyzed by SDS- 
PAGE. In its active form this proteinaceous substance usually appears as a heterodimer, whereby one subunit of the 
40 murine substance is the 61-67 kD proteinaceous substance and the other subunit is a 17-22kD proteinaceous sub- 
stance, whereby the resulting heterodimer has a molecular weight of about 81 -84 kD as measured by gel electrophore- 
sis. 

The exemplified substance according to the invention can be further characterized in that it has an iso-electric point of 
about 4.35 and/or that it shows a single peak at 4.8 S in a sucrose density gradient centrifugation. Another form in which 
45 the estrogen binding proteinaceous substance according to the invention has been found is a form comprising a further 
subunit of about 61-67kD respectively as measured by gel electrophoresis. 

Preferably the estrogen binding proteinaceous substance retains estrogen binding activity in the presence of the reduc- 
ing agent DTT. 

Preferably the estrogen binding proteinaceous substance does not show specific binding to anti-estrogen receptor anti- 
50 bodies. 

Preferably the estrogen binding proteinaceous substance has serine phosphatase activity. 

The estrogen binding substances according to the invention, starting with the 61 -67 kD subunits, the 1 7-22 kD subunits, 
the combined subunit forming the 84 kD substance or the heterodimer thereof with the further 61-67 kD subunit can be 
provided as they are exemplified here, but these subunits may vary in their molecular weight when found in other spe- 
55 cies than in the mouse. These other mammalian EBP's are considered to be part of this invention. Since sequencing of 
the gene(s) encoding EBP is routine work nowadays for which a simple handbook like Maniatis et al. is available and 
since having the sequenc in hand finding other related sequences using for instance PCR is also a routine skill in the 
art, these other genes and proteins based thereon are also considered part of the present invention. Antibodies t EBP 
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are also part of th invention. Muteines in which parts of the EBP have been deleted r mutated are als part of the 
- -present invention. Knowing the nucleic acid sequences or the amino acid sequences H will be feasible to identify regions 
which can be deleted or modified without significant influence on the relevant activity of EBP. It will also be possible to 
design mutations which increase or decrease the stability of the EBP as wanted. These techniques ar all within th 
s skill of the art and thus within the sam inventive concept Furthermore the uses as disclosed herein are considered to 
be part of the invention, as are the uses of for instance th antibodies or th antagonists that can be produced using 
the present invention. 

The invention win be illustrated and explained in greater detail in the following detailed description. 
10 DETAILED DESCRIPTION. 

ISOLATION AND PURIFICATION OF EBP: 

[0003] At initial stages a variety of methods and tissues were screened for the isolation and purification of EBP prior 

is to arriving at the definitive procedure. The final developed procedure for the isolation and purification of EBP in the 
mouse fetal liver (19 days) is as follows. All procedures were performed on ice in the cold room (4°C). The tissue was 
extensively washed with cold saline, dried on tissue paper, weighed, cut into small pieces and suspended in buffer (50 
mM sodium acetate plus 0.4 pyridine, adjusted to pH 6.5 by careful addition of 1 2.5 N formic acid). The volume of buffer 
used is three times the weight of the tissue. The tissue suspension was homogenised with an ultra-Thurax homogenizer 

20 three times, each pulse was for 10 seconds. Between pulses the suspension was cooled for 2 minutes on ice. The 
homogenate was centrifuged at 2500 rpm for 15 minutes and the separated supernatant was centrifuged again at 
35,000 rpm (1 00,000 x g) at 4°C for 60 minutes using an angle rotor in a Beckman ultracentrHuge. The supernatant was 
separated and the pH thereof was adjusted to 5.6 with the addition of formic acid and frozen. The frozen supernatant 
was thawed slowly in the cold room, centrifuged at 2500 rpm for 15 minutes at 4°C to remove the copious precipitated 

25 material. The separated supernatant was frozen and the procedure of freezing, thawing and centrifugation to remove 
the precipitated material was repeated twice. The pH of the final collected supernatant was adjusted to 6.5 and it was 
concentrated under nitrogen pressure using a membrane filter (cut off value 10,000 dalton, Amicon). The original super- 
natant was concentrated by this procedure at least by a factor of 6. Two ml samples of the concentrated supernatant 
were further fractionated using an FPLC gel filtration column (Superdex 200-Pharmacia) at a flow rate of 1 ml/min. Aliq- 

30 uots (10 id) from each fraction were tested for estrogen binding activity. The assay procedure for estimating the estro- 
gen binding activity is given below. The fractions containing the peak estrogen binding activity which usually amounted 
to 12 to 14 fractions (12-14 ml) were pooled. Peak fractions containing estrogen binding activity from various runs were 
collected, pooled and the liquid volume was reduced as before using membrane filters. The concentrated sample was 
once again run on FPLC gel filtration column, this time at a flow rate of 0.5 ml/min and each fraction of 1 ml. The peak 

35 fractions containing estrogen binding activity measured using 5 ul from each fraction was pooled, concentrated, dia- 
lysed using membrane bags against double distilled water. The resulting dialysed fraction was distributed in small vol- 
umes containing 188 ug of protein per tube, the tubes were lyophilized and stored at -25°C. 

ASSAY PROCEDURE FOR ESTROGEN BINDING ACTIVITY: 

40 

[0004] In brief, the procedure is as follows. The protein sample in usually around 5-20 u.1 containing about 2.5 to 10 
ug of protein in duplicate was mixed with 0.5 ml of buffer (25 mM Tris-HCI, pH 7.5 containing 150 mM NaCI) and incu- 
bated for 45 minutes at room temperature following the addition of tritium labelled estradiol-17p (10 ul, 50,000 dpm, 92 
Ci/mmol). Simultaneously tubes in duplicate without any added protein sample were set up as control. At the end of the 

45 incubation the tubes were put in an ice bath for 15 minutes to cool to the ice bath temperature. 0.5 ml of charcoal solu- 
tion (0.05% heat activated charcoal plus 0.05% bovine serum albumin in tris buffer) was added, mixed and incubated 
further for 10 minutes. The tubes were then centrifuged at 2500 rpm for 15 minutes at 4°C to pellet the charcoal. 0.5 ml 
from each tube was carefully withdrawn without disturbing the charcoal pellet at the bottom of the tube and the radio- 
activity was measured following mixing with the scintillation cocktail. The net protein bound radioactivity was calculated 

so after deducting the background counts based on the tubes without any added protein. 

SPECIFIC BINDING OF ESTRADIOL-17fj TO EBP: 

[0005] Investigations of the specificity of estrogen binding activity showed that the EBP is highly specific for estradiol- 
55 1 7p. The results given in table 1 show that estradiol-1 70 binding to EBP was not inhibited by any of the non estrogens 
tested (testosterone, dehydrotestosterone, progesterone, RU5020, corticosterone, Cortisol) at 200 times the concentra- 
tion of the radiolabelled estrogen. On the other hand the natural estrogens estrone and estriol effectiv ly competed with 
3 H-estradiol-17B for binding sites and significantly inhibited the 3 H-estradiol-17p binding. However, the estradiol-17p 
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antipode, estradiol- 17a, had no inhibitory effect n 3 H-estradiol-17p binding even at 300-fold the concentration of the 
radiolabelled estrogen. There was a dose response relationship between the concentration of the natural estrogens 
used and the 3 H-estradioM7p binding. The relative binding activities of the competing estrogens were calculated (at 
the 50% reduction level) and compared to non-labelled stradiol-1 7p competing potency. The calculated values for the 
5 natural estrogens are as follows: 

Estradiol-1 7p - 100%, estrone • 80%, estriol - 37% 

SYNTHETIC ESTROGENS AND EBP: 

10 [0006] Although EBP showed high specificity in that only non-labelled natural estrogens competed with the 3 H-estra- 
diol-1 7f3, the potent non-labelled synthetic estrogen diethylstilbestrol did not inhibit the 3 H-estradiol-1 7(J binding signifi- 
cantly even at 200-fold concentration of the radiolabelled eslradiol-1 7fX This was also supported by the finding that 3 H- 
diethylstilbestrol does not bind to EBP. Another commonly used synthetic estrogen, ethinylestradiol behaved in a similar 
fashion as diethylstilbestrol and had no inhibitory action on 3 H-estradiol-17p binding. 

15 

SYNTHETIC ANTI-ESTROGENS AND EBP: 

[0007] Tamoxifen and 4-hydroxytamoxifen, the parent and the active metabolite of antiestrogen respectively, also had 
no significant inhbitory effect on 3 H-estradiol-17f5 binding to EBP. A similar result was obtained using radiolabelled 
20 tamoxifen aziridine which is an effective affinity labelling compound. 

[0008] These results demonstrate that the EBP differs from the classical ER to which diethylstibestrol, tamoxifen, 4- 
hydroxytamoxifen and tamoxifen aziridine are known to bind. 

BIOFLAVONOIDS AND EBP: 

25 

[0009] Competitive binding assays performed to see whether bioflavonoids such as querecetin. rutin, luteolin and hes- 
pertin, showed that none of them at 200- to 400-fold concentrations of the radiolabelled estradiol-1 7p inhibited the 3 H- 
estradiol-170 binding to EBP to any significant extent. These compounds have been shown to compete with 3 H-estra- 
diol-170for binding sites on type II ER (40,41). 

30 

IMMUNOSUPPRESSANTS, NEUROLEPTICS AND CALMODULIN, AND EBP: 

[001 0] A number of other agents such as immunosuppressants (cyclosporin, FK506), neuroleptics (haloperidol, 
pimozide, reserpidine) and calmodulin which have some relationship to estrogenic action are not known to be estro- 

35 gens nor is there any information available to suggest that they interact with ER type I or II. Interestingly these com- 
pounds behaved similar to estradiol-1 7p in that they potentiated 3 H-estradiol-17p binding to EBP in lower 
concentrations and inhibited at higher concentrations. Similar tests carried out with dopamine, oxytocin and prolactin 
which also have a relationship to estrogenic action did not influence 3 H-estradiol-17p binding to EBP. This is the first 
demonstration that immunosuppressants and neuroleptics influence the estrogen binding, suggesting that they may 

40 share some common mechanism and/or action. 

STABILITY OF EBP: 

[0011] The purified EBP was tested for its ability to withstand changes in temperature on the basis of its estrogen 
45 binding activity and its mobility in gel electrophoresis. The sample in estrogen binding assay buffer was incubated at 
various temperatures from 30 to 90 degrees for 10 minutes, cooled to ice bath temperature and tested for estrogen 
binding and mobility in gel electrophoresis. Estrogen binding activity tested at room temperature did not significantly 
deviate following the incubation at various temperatures, suggesting that the purified EBP is quite heat stable. The 
results may also indicate that the purified EBP is not contaminated with any protein hydrolysing protease. This result 
so was confirmed by the finding that the EBP incubated at different temperatures migrated to the same level following gel 
electrophoresis. A similar conclusion was also reached following the treatment of the sample in buffer for 120 seconds 
in the microwave oven at maximum power. The purified EBP appears to be remarkably stable. 

EFFECT OF SULFHYDRYL REAGENTS: 

55 

[001 2] The purified EBP does not require the reduction of the suHhydryl groups for binding to estradiol- 17p. There was 
no significant difference in estradiol-1 7p binding to EBP in the presence or absence of sulf hydryl reagents dithiotreitol 
(DTT) or p-mercaptoethanol, at various concentrations (0.001 to 5.0 mM). This property f EBP differs from the type II 
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ER which is highly sensitive to the presence of DTT (40-41,43). 

AFFINITY OF ESTROGEN BINDING AND ESTIMATION OF NUMBER OF ESTROGEN BINDING SITES ON EBP: 

s [0013] Estradiol-1 70 binding affinity to EBP was analyzed in equilibrium binding experiments. In preliminary experi- 
ments it was determined that equilibrium of estradiol-1 70 binding to EBP was reached within 30 minutes at room tem- 
perature. Samples of EBP were incubated at room temperature with a series of 3 H-estradiol-17p concentrations ranging 
from 0.125 nM to 16.8 nM and in parallel tubes with the addition of 100 fold molar excess of non-labelled estradiol-1 70. 
Activated charcoal in the presence of albumin was used to separate protein bound from unbound steroid. The radioac- 

10 five counts in the tubes containing the non-labelled estradiol-1 70 were subtracted from the counts measured in tubes 
without the addition of non-labelled estradiol- 170 to arrive at the specific 3 H-estradiol-17p binding. The binding data at 
higher molarities of estradiol-1 70 show a progressive saturation of the binder. The data calculated by the method of 
least squares indicates that the association constant for the binding action is 0.7 nM. The mean association constant 
calculated from three experiments was 0.7 ± 0.06 (S.E.M.) nM. The total binding sites calculated for 3 H-estradiol-170 

is at saturation correspond to 0.746 1118 pmol/mg of EBP protein. 

[0014] The various Scatchard plots obtained for the interaction of estradiol-1 70 and EBP showed an initial positive 
slope at low molarities of figand followed by a negative slope at higher estradiol-1 70 concentrations. This result can not 
be ascrfoed as due to non-achievement of equilibrium at the lower concentrations of estradiol- 170, since there was no 
significant difference in specific binding of samples incubated from 0.5 to 4 hrs at room temperatura One of the expla- 

20 nations for such a cooperative binding observed at low molarity may be the recruitment of new EBP in the presence of 
estradiol-1 70 from the sample pool. 

MOLECULAR CHARACTERISTICS OF EBP: 

25 [0015] Two distinct bands of proteins were observed on gel electrophoresis in the estrogen binding peak fractions 
from superose gel filtration procedure (Fig. 1 and 2). The molecular weights of the two bands were about 82-84 KD and 
61-67 KD as estimated by comparison with a number of protein standards of known molecular weight run simultane- 
ously in different lanes of the gel electrophoresis. Henceforth, the 82-84 kD band will be referred as 84 kD protein and 
the 61-67 kD band as 61 kD protein. Areas of gels corresponding to the stained band were cut from other similar gel 

30 electrophoreses run and the eluted proteins from the two bands were further analyzed. The protein eluted from the 
faster moving band 61 kD) on the gel electrophoresis showed no estrogen binding activity while the protein eluted from 
the 84 KD band showed a high affinity estrogen binding activity. The calculated estrogen binding activity of the protein 
from the higher molecular weight band accounted for the binding activity detected in the gel filtration fractions. The pro- 
tein from the 84 kD band was treated with sodium dodecyl sulphate (SDS) and the reducing agent mercaptoethanol and 

35 the sample was boiled for 15 minutes. Analysis by gel electrophoresis showed the separation the 84 kD protein into one 
major distinct band which migrated as a 61 -67 kD band and another minor band which migrated in the 1 7-22 kD region. 
These analyses established the existence of two subunits of unequal size and demonstrating the 84 kD protein is a het- 
erodimer. This suggests that one or more of the proteins in the 61 kD band observed in the absence of the reducing 
agent may form a part of the larger 84 kD protein band and the formation of 84 kD band protein may require the binding 

40 of the smaller subunit. Frequently, only the major band (61-67 KD) was visible on coomassie blue or silver staining fol- 
lowing the SDS and reducing agent treatment (Fig. 3). The smaller unit was not discernable either due to its being lost 
or its unstainable characteristics. A number of initial attempts made to disassociate and isolate the two heterodimers 
and re-associate them to form into the original size molecule using standard mild biochemical techniques were not suc- 
cessful suggesting that the two heterodimers are tightly bound. Only drastic methods using a number of agents such 

45 as exposure to extreme high urea concentration (8 molar), or chaotropic agents resulted in dissociating the subunits. 
Analysis of samples following extensive repeated dialysis to remove the dissociating agent showed that the estrogen 
binding activity is lost and that the two heterodimers can not be re-associated under any of the conditions tested to 
reform into a single unit of the original size and form with estrogen binding activity. 

[0016] The isolated 84 kD protein was further characterized. The apparent iso-electric point of the molecule is 4.35 
so and it sediments as a single peak in the 4.8 S region upon sucrose density gradient centrifugation (Fig. 1 7). The clas- 
sical ER (type I) from mouse uterus is known to be a monomer of 65,000 DaHon having an iso-electric point around 6.5 
(42). Similarly the type II estrogen receptor differs from EBP in having a molecular weight of about 37000 Dalton of 
which the estrogen binding activity is lost in the presence of the reducing agent DTT (43). As mentioned before estro- 
gen binding to EBP is not significantly affected by the presence of DTT. Recently, the presence of an yet another ER 
55 related protein in an exclusive MCF-7 breast cancer clone with a molecular weight of 80,000 has been described (44). 
The molecule has been shown to be a mutant ER which shares epitopes with ER and reacts with the antj-ER antibody. 
This mutant ER also differs from the presently discovered EBP based on size and more importantly in its ability to react 
with the anti-ER (EBP does not react with antj-ER; further details given below). 
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INDUCTION AND ISOLATION OF EBP ANTI-BODY: 

[001 7] Concentrated protein {500 ng) from fractions of gel-filtration was loaded on a native 8-25% gradient gel over 
the whol width of the gel. Standard electrophoresis procedures were followed and the electrophoresis was performed 
5 at the room temperature. Following the completion of th electrophoresis run, a strip on either side of the gel was cut 
off and stained with coomassie brilliant blue. The areas parallel to the 84 and 61 kD stained bands w r cut from the 
unstained gel. The two strips were divided into two equal halves and were used for immunization. The strips were indi- 
vidually frozen with the use of liquid nitrogen, the frozen pieces were each pulverized into a powder and were taken up 
in Freunds complete adjuvant. 

10 [001 8] Male guinea pigs were used to induce the antibody. Blood was drawn from each of the animals prior to immu- 
nization tor the preparation of the pre-immunized serum. 

[001 9J The guinea pigs were injected intradermally with protein from either the 84 kD or the 61 kD band. This was 
followed by a booster dose of the respective proteins 10 days later. The animals were Wed, serum prepared and tested 
for antibody, and the specificity of the antibody using gel electrophoresis blotting. The antibody fraction was enriched by 

is passing the serum through a column of protein A sepharose and the antibody bound to the column was eluted using 
acidic (100 mM glycine-HCI, pH 2.5) buffer. The enriched antibody was tested for its potency in serial dilution experi- 
ments inwhichtheEBP was precipitated following incubation for either 1 6 hrs at 4°C or 3 hrs at room temperature. Fol- 
lowing this procedure the antibody concentration required for the precipitation of 100% of EBP was determined. The 
antibody concentration used in subsequent experiments was twice that required to precipitate 100% of the standard 

20 EBP protein concentration used in estradiol-17B binding assay. 

PROTEIN BLOTTING AND IMMUNODETECTION: 

[0020] Polyacrylamide gel electrophoresis has been a widely used technique for the analysis and characterization of 

25 protein mixtures. Additionally, the separated protein can be transferred onto the surface of an immobilizing membrane 
which permits the access of the protein to various probes such as antibody. Nitrocellulose or polyvinylidine difluoride 
membranes were used for protein transfer from the electrophoretic gel using the standard programmed technique of 
phastgel system of Pharmacia or Kimtec companies. Following the protein transfer to the membrane from the gel, it was 
placed in a buffer bath containing gelatin (1%) in phosphate buffered saline and 0.05% tween 20, pH 7.0 (PBST) to 

30 block the sites to which protein can still bind on the membrane and incubated in a shaking incubator at room tempera- 
ture for 60 minutes. Initial trials using bovine serum albumin (1 %) to block the non-protein containing sites on the mem- 
brane was found to give a dark background and such a procedure was not used further. The membrane was washed 
thrice with PBST. The washed membrane was then incubated for 1 6-1 8 hrs. at room temperature with serum containing 
polyclonal antibody either prepared against the 84 kD (EBP) or 61 kD protein as the first or the primary antibody at 

35 1 :T00 dilution in PBST. Next, the membrane was washed by vigorous shaking in the PBST and the procedure repeated 
two more times. Rabbit anti-guinea pig IgG conjugated with peroxidase at 1 :200 dilution in PBST was added and incu- 
bated for 60 minutes at room temperature with vigorous shaking. The membrane was washed twice to remove the 
excess non-reacted second antibody. This was followed by two more washing in phosphate buffered saline. The perox- 
idase conjugated second antibody which reacted with the first antibody was stained using the deaminobenzadine 

40 (DAB) staining kit according to the procedure given by the manufacturer (Pierce). The excess DAB was removed by 
washing the membrane twice in distilled water. The membrane was allowed to dry at room temperature and the stained 
band(s) were observed. 

CHARACTERIZATION OF ANTI-EBP ANTIBODY: 

45 

[0021] Presently, monoclonal antibody against the classical ER is commercially available (Abbott). The antibody has 
been shown to be highly specific for ER (45). Since the source of EBP is mouse liver only, a polyclonal antibody was 
prepared against the 84 kD and the 61 kD proteins. The antibody has been tested for reaction with a variety of proteins 
and was found to be highly specific. It does not react with the ER (type I) protein (Rg. 4). Similar analysis with type II 

so ER also showed no reaction with type HER (not shown). This finding is further reinforced from the corollary experiment 
in which it was found that the monoclonal antibodies against the classical ER (Abbott) do not react with the newly dis- 
covered EBP. Additional tests showed that the antibody against the EBP does not react with a number of other proteins 
such as serum albumin (67 kD), alpha feto-protein (67 kD). plasmin (85 kD). fibrinogen (400 kD). a 2 -antjplasmin (67 
kD) a2-macroglobulin (300 kD), tissue plasminogen activator (70 kD), urokinase (56 kD), oxytocin (1007 darton), prol- 

55 actin (23 kD) and calmodulin (15-19 kD). Furthermore, antibodies against the cell membrane protein p-glycoprotein 
which regulates the cellular drug uptake, cyclophillin which binds immunosuppressive agents and phospholipase A2 
which hydrolyses arachidonic acid from phosphotidyl choline, do not react with EBP. 

[0022] The rationale for testing the cross r action with some of the proteins and interacti n of EBP with a variety of 
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antibodies will be clear from the information given below. 
- - -[0023]- -In spite of the high specificity of anti-EBP mentioned above the most interesting a/id extraordinary finding is 
that anti-EBP reacts with two relevant and interesting proteins. They are: Alpha 2 -antiplasmin-plasmin complex (PAPC) 
(Fig. 5) and Calcineurin. The relevance of these observations in relation to estrogen action are given below. 

5 

IMPORTANCE OF REACTIONS OF ANTI-EBP ANTIBODY WITH PAPC AND ANT1-PAPC ANTIBODY WITH EBP: 

[0024] Plasmin (85 kD) is a potent serine protease consisting of a larger A (60-67 kD) and a lighter B (20-25 kD) 
chains. The fast-acting and physiologically most important inhibitor of plasmin is a 2 -antiplasmin (67 kD). A group in Leu- 

io ven, Belgium has investigated this reaction in depth and has extensively published in this area (46-49). Isoforms of 
alpha 2 -antiplasmin with molecular weights of 65 and 60 kD have also been identified and characterized (50). 
[0025] Al 2 -antiplasmin reacts with plasmin to form a completely inactive 1 :1 stoichiometric complex with plasmin 
through reaction with the B chain of the enzyme which contains the active center. Alpha 2 -antiplasmin is known to be the 
most potent plasmin neutralizing agent which protects against the onslaught of plasmin action in the vascular system. 

is The PAPC appears to be formed through a "tetrahedral intermediate" type reaction resulting in covaJent bond for the 
stabilization of the enzyme-inhibitor complex. The PAPC is devoid of protease or esterase actvitity and the complex can- 
not be dissociated by denaturing agents such as urea, guanidine HCI, or dodecyl sulfate. The PAPC formation renders 
this complex antigenically distinct from the precursor molecules and this facilitates PAPC detection, identification and 
quantitation using immunochemical methods. Most interestingly, the molecular weight of PAPC is about 84 kD and the 

20 liver is the major source of c^-antiplasmin (46.48,50). Both these features are shared with EBP. Polyclonal antibody 
against the mouse PAPC and the purified mouse standard PAPC material were a generous gift provided through the 
courtesy of Prof. H.R. Lijnen, Leuven, Belgium. It is indeed remarkable that EBP and PAPC share some common 
epitopes. 

[0026] Importantly, it has been repeatedly and extensively reported that estrogen use in prostate cancer treatment 

25 and in the contraceptive pills has been associated with cardiovascular complications and thromboembolism. In the case 
of prostate cancer, more patients died with vascular complications from the use of high dose estrogen than from the 
prostate cancer. Recently, thromboembolism made headline news when case-control studies disclosed that the third 
line generation of contraceptives increased the incidence of thromboembolism and myocardial infarction compared with 
the older second line contraceptives (51 ,52). Both types of contraceptives contain the potent synthetic estrogen ethinyl- 

30 estradiol. Apparently the progestins used in the two combinations appear to play a key role in the regulation of the 
adverse effect of estrogen (53). Two large cohort long term studies in he past have demonstrated an excess relative risk 
of myocardial infarction in users of oral contraceptives (54,55). Such a relationship has been reported sporadically by a 
number of case control studies as well (56-59). However, there is no clear causal evidence explaining how estrogen 
induces these effects in spite of these numerable reports on estrogen related adverse effect of the vascular system. 

35 Very recently, an article in the January 1 996 issue of fibrinolysis report that the highest level of PAPC and fibrin degra- 
dation products were found in women over 30 years of age who are oral contraceptive users and smokers compared to 
three other control groups including non-users of oral contraceptive and non-smokers (60). The difference in PAPC level 
was significant at an impressive p value of 0.0004 compared between the group of oral contraceptive users and smok- 
ers with the group of non-users of oral contraceptive pill and non-smokers. 

40 [0027] Quantitation of EBP level and the estrogen binding capacity in the blood from such groups may shed light on 
the important question of the relationship between EBP and PAPC. The development of a detection method to screen 
those who may be susceptible to the development of such a condition may be useful. Such methods may also be used 
to monitor the status of contraceptive pill users at regular intervals. 

45 THE IMPORTANCE OF REACTIONS OF ANTI-EBP ANTIBODY WITH CALCINEURIN AND ANTVCALCINEURIN 
WITH EBP: 

[0028] The second protein with which the anti-EBP reacted is Calcineurin, a phosphatase predominantly present in 
the brain. Calcineurin is also known to be a heterodimer which consist of A (61 ,000 Da) and B (1 7-22,000 Da) subunits 

so (61). The B subunit shares some homology with Ca 2++ sequestering calmodulin and the antibody against the B subunft 
reacts with calmodulin. Calmodulin and Ca 2 ** ions are required for the phosphatase activity of calcineurin. The antj- 
EBP does not react with calmodulin (Fig. 6). The interesting relevant fact here is that calmodulin influences estrogen 
binding to EBP and of equal interest is the finding that EBP has an inherent phosphatase activity similar to calcineurin 
(further details and discussion on phosphatase action of EBP are presented below in subsequent sections). 

55 [0029] Calmodulin plays a role in the phosphorylation of the classical ER and the estrogen binding is increased as a 
concequence of phosphorylation. This aspect of the classical ER has been extensively investigated by a number of 
investigators (62, 65). The important messages of their findings have been that calmodulin is required for the phospho- 
rylation of ER, estrogen binding is increased following phosphorylation of ER, dephosphorylation eliminates ER estro- 
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gen binding activity and that calmodulin binds t ER. Contrary to thes findings with ER the EBP does not require 
phosphorylation ft* estrogen binding but EBP itself is a phosphatase. Since estrogen binding to EBP is significantly 
increased in the presence of Calmodulin a number of attempts were made to investigate whether calmodulin binds to 
EBP similar as has been observed for the classical ER. One the methods followed was affinity chromatography using 
calmodulin coupled to sepharose. The fraction containing EBP flowed freely through the sepharose-calmodulin column 
without retardation or r tention of EBP in the column suggesting that calmodulin does not bind to EBP. A similar con- 
clusion was also reached when it was found that radiolabelled calmodulin failed to bind to EBP as opposed to the clas- 
sical ER (65). The mechanism by which calmodulin potentiates estrogen binding to EBP has to be due to some other 
mechanism than by binding to EBP. 

[0030] Two category of protein phosphatases that are investigated extensively are those with specificity for phospho- 
serine or phosphothreonine and those with specificity for thyrosine residues. Both classes of enzymes have received 
considerable attention from the academic and pharmaceutical research communities because of their involvement in 
many cellular processes. Protein tyrosine phosphatases are known to play an important role in cell cycling, bacterial 
virulence, lymphocyte signalling, and, possibly tumorigenesis (66,67). Protein phosphatases of the serine/threonine 
class are also involved in many aspects of cellular signalling including immunosuppression, shellfish poisoning and 
control of cell cycle (68,69). Phosphatases have become attractive targets for drug intervention since many of the cel- 
lular functions involving phosphatases are germane to inflammation, transplant rejection and oncology. 
[0031 ] As mentioned previously, the phosphatase action of calcineurin requires Ca ++ ions and calmodulin. The phos- 
phatase assay that is used is frequently based on the release of 32 p phosphate from the phosphoprotein or phos- 
phopeptide. Synthetic peptides have been prepared for such assays (70, 71). The recently published, highly sensitive 
colorimetric phosphatase assay using Malchite Green and pyrophospate (pp), p-nitrophenylphosphate (pNpp) or DL- 
phosphotyrosine (pY) and DL-phosphoserine (pS) as substrate was used according to the published procedure (72). 
There was a dose response relationship between the amount of EBP protein used and the increase in absorbance 
using either pp or pS as substrate while such a relation was not observed with pY suggesting that EBP may be a serine 
phosphatase similar to calcineurin. Protein phosphatase (pp-1) was used as a positive control in such an evaluation. 
Further analysis using pp as substrate showed that EBP phosphatase activity is sensitive to the presence of Ca 2++ ions. 
The phosphatase as well as estrogen binding activities of EBP are inhibited in the presence of Ca 2++ ions. On the other 
hand the inclusion of calmodulin or the inclusion of EGTA both of which sequester effectively the Ca 2++ ions, restored 
both the phosphatase and estrogen binding activities to a level seen in the absence of Ca 2++ ions. It is possible that 
calmodulin enhances the phosphatase and the estrogen binding activities of EBP by neutralizing the activity of Ca 2++ 
ions. 

[0032] These preliminary observations suggest that Calmodulin enhances estrogen binding of EBP by sequestering 
Ca 2++ ions while calmodulin enhances the estrogen binding activity of the classical ER by phosphorylation in which 
Ca 2++ ions are required. It is clear from these results that calmodulin enhances estrogen binding of EBP as well as clas- 
sical ER by two diametrically opposed mechanisms. A role for estrogen and for the phosphatase activity of EBP may 
be of importance in Alzheimer's disease which has been shown to be in steady increase in the aging population (73- 
74). Interestingly, the disease is 3 times more common in postmenopausal women than in older men and this has been 
related to the decrease in the availability of estrogen in women. The rationale provided for the variations in the occur- 
rence of the disease in women and men is that since estrogen is metabolized from the androgens which are synthe- 
sized at all ages of men, estrogen appears to be available to men throughout their life while this is not the case in 
postmenopausal women. Presently, there is no conclusive evidence available to delineate the causal relationship 
between the estrogen protective action against the development of Alzheimer's disease in spite of the above plausible 
explanation. This is primarily due to a lack of an understanding of the disease as well the unavailability of an appropriate 
experimental animal model. The present understanding of Alzheimer's disease is that it can be characterized by the for- 
mation of senile plaques and neuroftorillary tangles which probably leads to neuronal death. Putative Alzheimer disease 
specific proteins (A68) have been purified and shown to be the major subunit of one of the paired helical filaments. The 
amino acid sequence and immunological property indicate that the backbone of A68 is indistinguishable from that of the 
protein tau which in the Alzheimer's disease is hyperphosphorylated. The "lys-ser-pro-val" motives in which the serine 
is the phosphate acceptor site is distributed in the Tau protein. There is strong evidence to conclude that excessive or 
inappropriate phosphorylation contributes to the formation of paired helical filament tangles (75-77). This hypothesis 
has been tested in an in vivo model to study Alzheimer's disease. A group of German investigators induced hyperphos- 
phorylation of the tau protein and of neurofilaments of the microtubule by meticulously injecting stereotaxically the 
potent phosphatase inhibitor okadaic acid, resulting in the redistribution of large projection neurones from the axonal 
compartment into the cell bodies where they appeared as paired helical filament tangles similar to those seen in Alzhe- 
imer's disease (78-81). This model can be used to investigate whether EBP and estrogen can effectively counteract 
such an action and prevent the development of Alzheimer's disease. The present finding of phosphatase activity of EBP 
can be used to synthesize potent compounds which sd ctively increas the phosphatas activity of EBP to combat this 
disease. 
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[0033] Calcineurin is also known to be involved in the immunosuppression action of cyclosporin and FK506 (82). Both 
the immunosuppr ssants function by acting as prodrugs, only becoming actiy when complexed to endogenous, intra- 
cellular receptors r binding proteins named immunophilins. The target of th complex between the drug and its cog- 
nate immunophilin is the protein phosphatase calcineurin (83). Such is the case for cyclosporin when bound to its 

s receptor cyclophilin (84,85), for FK506, when bound to its rec ptor, FKBP (86-90) and rapamycin when bound to FKBP 
(83). Great strides have been made in understanding the basic immunopharmacology of the immunosuppressants and 
in demonstrating the effective use of these agents not only in human transplantation but also in combating autoimmune 
disorders (91-93). Recently immunophilins have been shown to mediate the neuroprotective effects of FK506 in focal 
cerebral ischaemia (94). In this context it is worth recalling the reported incidences of cerebral haemorrhage and focal 

10 cerebral ischaemia with the use of high dose synthetic estrogens used in the contraceptive pills in the early develop- 
mental stages. All these various aspects of immunosuppressants may be relevant and of interest in the light of the 
observed similarities between EBP and calcineurin. 

[0034] ft must be pointed out that an indirect classical E R involvement in the immunosuppression action of FK506 has 
also been proposed based on similarities found between some peptides of cyclophilin and the heat shock protein p59. 

15 which interacts with the classical ER. Cyclophilin interacts with p59 heat shock protein (95). There is no information 
published on a direct interaction between an estrogen binder such as EBP and the immunosuppressants. Additional 
supportive evidence to confirm these observations can readily be obtained with the use of radiolabeled immunosup- 
pressants. In any event the observation that EBP may play a role in the immunosuppressive action of these agents itseH 
is most interesting and opens a variety of channels for further development of safe and potent new immunosuppressive 

20 agents. 

A role for EBP in central nervous system and behavior: 

[0035] There is growing awareness that the rapid effects of steroid hormones in the central nervous system, on bone 

25 cells, smooth muscle, blood, liver, uterus, sperm, heart and pituitary can not be explained on the basis of effects 
induced at the genomic level. Thus these effects have to be due to non-genomic effects (96-101). This hypothesis is 
more pertinent particularly with questions related to the functions of the central nervous system. There is considerable 
evidence available to demonstrate that estrogen regulates the release of some of the anterior and posterior pituitary 
polypeptide hormones (FSH, LH, Prolactin, Oxytocin, vasopresin). More importantly, estrogens have been reported to 

so exert antidopaminergic effect at the striatal and pituitary level in that they decrease amphetamine-induced stereotypes, 
decrease the circuling behavior induced by apomorphine treatment, potentiate spiroperidol-induced catalepsy, block 
the dopamine induced increase in straited acetylcholine levels, decrease the haloperidol induced in straited acetylcho- 
line levels, reverse the inhibitory effect induced by dopamine or its agonists on prolactin release and induce a beneficial 
effect on dyskinesias associated with a hyperfunction of dopaminergic transmission in the extrapyramidal system 

35 induced by chronic neuroleptic therapy or with L-Dopa (10-19, 102-113). 

[0036] The strong relationship between the actions of dopamine and estrogen prompted us to determine whether 
dopamine influences 3 H-estradiol-17f3 binding to EBP. Dopamine inclusion in the incubation did not significantly influ- 
ence the 3 H-estradiol-17f3 binding to EBP both at low and high molarity. Additionally, no binding of radiolabeled 
dopamine to EBP was observed. These results do not support a direct common entity for estradiol- 17p and dopamine. 

40 [0037] Since estrogen alleviates psychosis, some commonly used antipsychotic agents were tested (pimozide, pen- 
fluridol, haloperidol, trifluoperazine, risperidone) in low and high concentrations for their ability to inluence 3 H-estradiol- 
17p binding to EBP. Interestingly, the antipsychotic agents significantly increased the number of 3 H-estradiol-17B bind- 
ing sites on EBP in low concentrations and inhibited the estrogen binding at high concentrations. The preliminary in vitro 
competitive potency determination of antipsychotic agents with estrogen for EBP binding sites appears to parallel the 

45 in vivo antipsychotic potency. Confirmation of these results and establishment of a correlation ol the in vitro results with 
any of the functional biological effect of estrogen, such as for example the regulation of prolactin release in a bioassay, 
will be most helpful to understand the possible common mechanism of action of estrogen and the antipsychotic agents. 
Interestingly, the majority of antipsychotic agents regulate prolactin level. Establishment of a correlation between the in 
vitro competitive potency of antipsychotic agents and the in vivo biopotency will be helpful to delineate a role and the 

so importance of EBP in the central nervous system. It is clear that such observations are ultimately useful in developing 
potent new antipsychotic drugs. 

MECHANISM OF ACTION OF ENVIRONMENTAL ESTROGENS (XENOESTROGENS) VIA EBP: 

55 [0038] Presently, a large number of varieties of pesticides, drugs, fuels and plastics have become increasingly prev- 
alent in especially the western world and are distributed in enormous quantities in the waters of many nations. These 
compounds have long hatf lives (some as much 100 yrs) and are very difficult t biodegrade. Scientists have attempted 
to correlat th distributi n of pollutants with an increase in a number of anomalies found in nature and have repeatedly. 
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warned for the suspected effect of environmental estrogen pollutants (xenoestrogens). The decrease in wildlife and fish 
population, the incr ase in the number of mat new borns with malformed genitals, increase in the incidence ofhuman 
testicular and prostate cancers and a reduction in the sperm production in men compared to the past decades have 
been suspected to be du to the estrogenic action of some of the pollutants (1 1 4). Negligence of this potential problem 
due to insufficient information may have devastating consequences. Precedence of one such calamity in the past is the 
vaginal cancer in femal children of mothers who used diethylstilbestrol during pregnancy (1 15,1 16). In this regard, w 
and others have pointed out that citral, a common additive in orange juice and perfumes, has an estrogenic action and 
induces prostatic hyperplasia in animals (11 7,1 1 8). Geraniol, a precursor of citral, an additive in embalming cream has 
been associated with gynaecomastia in men who perform the embalming (1 19). The in vitro estrogenic potency of all 
these compounds may not correlate with their in vivo potency as well as their detrimental action(s). Although, some of 
the compounds were known to have an estrogenic action in animal models they were approved in the past by the reg- 
ulating agencies because of their low or undetectable estrogenic potency and were interpreted as having either no or 
acceptable weak deleterious effects on humans. Furthermore, there are hardly any investigations on long term cumu- 
lative effect of these compounds. This situation can be corrected only if it can be demonstrated with experimental evi- 
dence that some of the pollutants are potent long acting xenoestrogens and some of them may even be carcinogens. 
[0039] In the light of the above information attempts were made to analyse whether some of the known pollutants and 
carcinogens (1 -OH, 3-OH, 8-OH, 1 0-OH benzo(a)pyrene, 7,1 2-dimethylbenzanthracene (DMBA) and nonylphenol at 1 , 
10 and 100 pmol) compete in vitro with 3 H-estradiol-17fJ for binding site on EBP. All the tested compounds competed 
with 3 H-estradiol-l7p to a significant extent. The order of the in vitro estimated relative potency for the diverse 
benzo(a)pyrenes were as follows: 8-OH > 3-OH >1 -OH >1 0-OH compounds. Since benzo(a)pyrene is a known carcin- 
ogen it will be important to determine whether there is a structural relationship between estradiol-17B and the various 
hydroxy benzo(a)pyrenes. DMBA and nonylphenol also reduced significantly 3 H-estradiol-1 70 binding to EBP. Analysis 
of competitive action of DMBA using a sucrose gradient centrifugation technique clearly showed an inhibition of 3 H- 
estradiol-17p binding by DMBA (Fig. 17). It is well known that DMBA is a potent carcinogen and as such it has been 
extensively used to induce estrogen dependent mammary and endometrial cancers in animals. Importantly, estrogen 
has been shown to enhance while progesterone to delay the time of tumor induction by DMBA. Nonylphenol has been 
shown to be estrogenic but to date there is no definitive evidence to consider it as a carcinogenic agent. However, this 
agent is still utilized to coat common plastics of daily use. This is the first demonstration of interaction of more than one 
known carcinogen with an estrogen binder (EBP). Establishment of a correlationship between the in vitro and in vivo 
potency of such compounds will provide a rapid in vitro screening assay. Most importantly, such information for the first 
time will delineate a definitive role for an estrogen binder such as EBP in carcinogenesis and may also enable to explain 
why compounds such as DMBA induce tumors in estrogen responsive tissues as well as why the tumors are estrogen 
dependent. Presently, without any reservations, such demonstration and information are direly needed and may help 
not only to explain the steady increase in the incidence of cancers but also to combat the disease. 

DETECTION OF EBP USING IMMUNO-CYTO AND -HISTO CHEMICAL TECHNIQUE: 

[0040] Investigations of detection of EBP using immunochemical analysis in various cells and organs showed inter- 
esting information. 

EBP in bone cells: 

[0041] EBP was detected on the cell and nuclear membrane of normal osteoblasts and osteosarcoma cells (Figs. 7 
and 8) while the controls in which the pre-immune sera was used as first antibody and when the first antibody was not 
included in the procedure showed no staining. 

EBP in breast cancer: 

[0042] Immuno-cytochemical analysis of human estrogen dependent breast cancer cells (MCF-7) showed that both 
the cytoplasm and the nuclei were stained for EBP (Figs. 9 & 1 0). The analysis of human breast cancer tissue (sections 
of fresh frozen and parafin) showed the localization of EBP in the glandular cells (Fig. 1 1); but what appeared to be non- 
specific staining was also observed in a number of other areas of the tumor. The non-specific staining seen in tumor 
tissue may be due to a number of reasons including the method of tissue preparation and fixation, the use of non-opti- 
mal high concentration of polyclonal first antibody or the non-specific nature of the second antibody. Additionally, the 
endogenous peroxidase may also contribute the non-specific staining. The reasons for non-specific staining will be 
investigated further. 
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EBP in brain: 

[0043] Analysis of a few sections of human brain showed cytoplasmic staining of neuronal cells (Fig. 12) while rat 
brain showed surprisingly clear staining of cells around the ventricle (ependymal cells ?) and a track of neuronal cells 
5 that appears to be of hqppocampal region (Figs. 13 to 16). 

OTHER IMMUNOHISTOCHEMJCAL ANALYSES PERFORMED: 

[0044] A number of other tissues were also tested for the presence of EBP using immuno-histochemical technique. 
io Such analyses showed interesting information which may be of importance. 

EBP in human benign prostatic hyperplasia: 

[0045] Animal experiments have suggested that estrogen has a role in benign prostatic hyperplasia (BPH). However, 
15 to date the attempts made to demonstrate the definitive presence of classical ER in human BPH have not been suc- 
cessful. The few published reports of the presence of ER in human BPH by one or two groups have not been repro- 
duced or confirmed. The presence of ER in the human BPH is still debatable. 

[0046] Human BPH in paraf in sections showed a selective staining of the glandular epithelial cells of the acini for EBP 
in the immuno-histochemical analyses while the stromal cells were clear of staining. Relatively, a large number of acinii 
20 was seen in each of the sections. These observations support the contention that human BPH is mainly due to the pro- 
liferation of glandular cells. Additionally, they support the hypothesis of an estrogenic role in BPH. More importantly, the 
present observation suggest that the estrogenic action may be mediated by EBP 

EBP in bone osteoblast and osteoclast cells: 

25 

[0047] Immuno-histochemical staining of parafin sections of the rat femur for the presence of EBP showed a selective 
staining of the membranes (cell and nuclear) as well as in the nuclei of osteoblasts. A similar but clearly less dense 
staining pattern was observed in what appeared to be osteoclast cells. The presence of a meager amount of classical 
ER in the osteoblasts has been reported by a number of groups (120-1 21). However there is both apprehension as well 
30 as controversy regarding the classical ER role in the estrogenic action on osteoblasts (25-29, 122). The detection EBP 
in the bone cells opens another avenue for the delineation of the mechanism by which estrogen induces its action on 
bone cells. 

EBP in hair follicle: 

35 

[0048] Estrogens have been suspected to a play role in the hair growth (123-125). The analyses of parafin sections 
of mouse facial whiskers exhibited some exceptional picture. Interestingly, bulb papilla cells of whiskers (mouse) were 
selectively stained for the presence EBP. The bulb papilla cells were clustered in what appears to be small bundle of 
cells around a non-stained central core of the hair shaft. This staining pattern is seen in all the facial whiskers. This 
40 observation may be considered to support the contention that estrogen may play a role in hair growth regulation. 
Cyclosporin treatment prolongs the hair existing phase of the hair cycle in nude mice (126). It may be recalled that 
immunosuppressant agents cyclosporin and FK506 interact with EBP. This reasoning again lends credence to the sug- 
gestion that the hair growth regulatory role of estrogen and the effect of the prolongation of existing hair by immunosup- 
pressants is mediated via EBP. 

45 

EBP in eye lens: 

[0049] Relatively few publications are available on whether steroid hormones and particularly estrogens have a role 
in the crystalline lens of the eye. The available information has suggested a role for estradiol in the epithelial cells under 
so the lens capsule and this is mediated via a regulation of derivatives of lipoxygenase (127,128). Another study has sug- 
gested a modest protective effect of estrogen exposure on the lenses of women (129). More information on this aspect 
may be soon available since the introduction of estrogen replacement therapy in postmenopausal women 

ESTROGEN AND SKIN: 

55 

[0050] The role of estrogen in the female skin has b en of interest in the context of wrinkling and withering of the skin 
in postmenopausal women. This status of the skin has been related to loss of collagen. Both collagen and skin have an 
unique amin acid, i. a proline in which the hydroxy! has been transformed from the cj§ t trans p sitj a This is nesc- 
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ssary for the proline to be incorporated in the collagen chain. This area has been intensively investigated and it has 
been repeatedly. demonstrated that the enzyme peptidyl-prolyl fls-fiaos ispmeras (PPIase) executes the transforma- 
tion of the hydroxy! from cj§ to tjaos position on proline (130-134). Most interestingly, PPIase and cyclophilin (both about 
1 7 KD proteins) which are present in different isoforms have been shown to be closely related (135). In this connection 
it is important to recall that B subunit of EBP frequently migrates in th gel electrophor sis as a 17 KD polypeptide, 
estrogen binding of EBP is dependent on the presence of the B subunit, cyclosporin A influences estradiol-1 70 binding 
to EBP. All these facts suggest that it is possible that the EBP, B subunit, may also show PPIase activity and estrogen 
may either regulate its level as well as its activity. If this were to be the case, then, it may enable to explain the impor- 
tance of estrogen in both bone building and the maintenance of the skin collagen in which PPIase plays a critical role. 
[0051] All the above suggests that EBP estrogenic action may be involved in normal neural, vascular, immune and 
skeletal systems. In addition EBP may be involved in estrogen dependent cancers. Estrogenic actions mediated 
through EBP appear to complement the hitherto known mechanisms of estrogen action mediated via the classical ER 
(type I and II) and may now explain the estrogenic actions in full and in various physiological systems. 



Table 1 



COMPARISON OF PROPERTIES OF THE CLASSICAL ESTROGEN RECEPTOR (ER) AND THE NEW PUTA- 
TIVE ESTROGEN RECEPTOR ER. 


Properly 


ER 


EBP 


1. Localization 


cytoplasm & nucl. 


dependent on cell type cell & nuclear 
membrane, cytoplasm & nucleus 


c.. rvioiecuiar weigm 


ob.uuu oanon 


OA nnn #JnUnn 

84,ooo aaiton 


3. sulfhydryl agent 


enhances binding 


no difference 


4. Dissociation constant 


about 1 x 10~ 10 M two binding sites, 
nign anirury saiuraoie, low enmity 
high capacity 


about 0.7 x 10" 10 M single binding 
site, cooperative binding effect 
exists, saturable 


5. Specificity 


most estrogens Des binds no com- 
petition with (prog, androgen &cortj- 
coids) 


most estrogens no Des binding no 
competition (prog, androgen, corti- 
coids) 


6. Phosphorylation amino acid 


enhances binding tyrosine 


dephosphorylation enhances bind- 
ing serine 


7. Heat shock protein 


interacts 


no interaction 


8. Phosphatase activity 


no 


yes, inherent serine phosphatase 


9. Neuroleptics 


no effect/unknown 


enhances binding at low concentra- 
tion, inhibits at high concentration 


10. Calmodulin 


interacts/binds 


no interaction enhances binding 


11. Organs 


most of estrogen responsive, vagina 
no def. info 


most of estrogen responsive, no info 
on vagina 


12. a 2 -anti-plasmin 


no interaction 


shares epitope 


13. Calcineurin 


no interaction 


shares epitope 


14. Anti-ER 


interacts 


no interaction 


15. Antj-EBP 


no interaction 


interacts 


16. Estrogen binds to ER-anti-ER 
complex 


yes 




17. Estrogen binds to EBP-anti-EBP 




no 


Estrogen binding was evaluated using 3 H-estradiol-17B and 3 H-diethylstjlbestrol. charcoal assay and sucrose den- 
sity gradient centrifugation techniques were used to separate the bound from unbound steroids. 
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Figure Legend. 
[0052] 

5 Fig. 1. Gel electrophoresis (8-25% gel) of a sample in the final phase of purification run on a gel filtration column 
(soporose 200). Peak fractions collected were electrophoresed and stained with silver staining. Bands in the 82-84 
KD and 61-67 KD ranges are seen. 

Fig. 2. Gel electrophoresis (8-25% gel) of a purified sample of the 61 -67 KD range showing the presence of more 
than a single protein in the fraction. 

10 Fig. 3. A purified sample (82-84 KD) treated with sodium dodocyl sulfate and B-mercaptoehtanol was run on gel 
electrophoresis (8-25% gel). A single band of the reduced sample migrated in the 61-65 KD range can be seen. 
Fig. 4. EBP samples run on gel electrophoresis were transferred onto cellulose nitrate and reacted with antibodies, 
(left) antj-EBP, (right) anti-ER. Only the antj-EBP cross reacted while there was no cross reaction with antj-ER. Sim- 
ilar experiment with standard ER showed no cross reaction with anti-EBP (figure not shown). 

15 Fig. 5. Pure EBP samples run on gel electrophoresis were transferred onto nitrocellulose membrane. The mem- 
brane was reacted with anti-c^-antiplasmin-plasmin complex, (left) purified EBP containing 82-84 and 61 -67 KD 
bands, (right) standard anti-c^-antiplasmin-plasmin complex. The anti-c^-antjplasmin-plasmin complex was 
provided by ProlLijnen, Leuven, Belgium. The EBP clearly cross reacts with anti-a2-antiplasmin-plasmin com- 
plex. Similar experiment performed with anti-EBP showed cross reactivity with EBP as well as anti-a r antlplas- 

20 min-plasmin complex. 

Fig. 6. Sulfhydryl group reduced samples of EBP and authentic calmodulin (about 21 KD) were run on gel electro- 
phoresis (8-25% gel) and transferred onto nitrocellulose membrane. The membrane was reacted with anti-calmod- 
ulin. Only the authentic calmodulin in the two center lanes cross reacted while the there was no cross reaction in 
the other lanes containing EBP sub-units. 

25 

IMMUNNOCYTO AND -HISTOCHEMICAL STAINING. 

[0053] The standard DAB staining using the well established procedure was followed in performing the immuno-his- 
tochemical staining. The control samples were either not treated with the anti-EBP or treated with normal pre-immune 
30 serum. Some brain sections from human and rat were also treated with microwave in order to study the effect. Staining 
was not discernable in the microwave treated samples. 

Fig. 7. Immuno-histochemical staining with anti-EBP (82-84 KD) of normal mouse osteoblast cells. Control per- 
formed with no anti-EBP in the reaction, 
35 Fig. 8. Immuno-histochemical staining with anti-EBP (82-84 KD) of the mouse osteoblast. Cell membrane staining 
is seen in the cells in which anti-EBP has reacted. 

Fig. 9. Estrogen dependent MCF-7 cells from human breast cancer (obtained from TNO and AvLH) was treated fol- 
lowing fixation with anti-EBP (82-84 KD) and DAB stained. Control performed with no anti-EBP included in the reac- 
tion. 

40 Fig. 10. Estrogen dependent MCF-7 cells from human breast cancer (obtained from TNO and AvLH) was treated 
following fixation with anti-EBP (82-84 KD) and DAB stained. Cells showing staining in the cytoplasm, nucleus and 
the nuclear membrane are seen. 

Fig. 11. Section from fresh frozen human breast cancer (dept of pathology, AZVU) treated with anti-EBP (82-84 
KD). Staining of the cytoplasm, nucleus and nuclear membrane in the mammary gland cells are seen. 
45 Rg. 12. Section from frozen human brain (obtained from Brain Institute) treated with anti-EBP (82-84 KD). Cyto- 
plasmic staining of the neuronal cells are seen. 

Fig. 13. Section from frozen rat brain (obtained from Brain Institute) treated with anti-EBP (82-84 KD). Control sam- 
ple radiated with microwaves. Low magnification. 

Fig. 14. Section from frozen rat brain (obtained from Brain Institute) treated with antj-EBP (82-84 KD). Cells around 
so the ventricle and a clear track of cells are stained. Low magnification. 

Rg. 15. Same section as in fig. 14. Medium magnification to show stained cell track. 

Fig. 16. Similar section as in fig 14, to show the nuclear staining of neuronal cells forming a track (problem of 
focussing was encountered due to the thickness of the section). High magnification. 

55 Sucrose gradient centrrfugatJon. 

[0054] Rg. 17. Sucrose density gradient centrifugation (16 hrs, at 175,000 x g) profiles of EBP samples incubated 
with radiolabelled estradiol- 17p and the carcinogen dimethylbenz anthracene in low and high concentrations. 3 H-estra- 
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diol-176 (0.85 pmol) alone (_ — -J. 3 H- stradiol-170 (0.85 pmol) + dimethylbenzanthracene (0.42 nmol) (* *) and 

3 H-estradiol-1 70 (0.85 .pmol) + dimethylbenzanthracene (1.2 nmol) (+--+). 
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Claims 

1 . A murine estrogen binding proteinaceous substance or a mammalian equivalent thereof, the murine substance 
comprising a subunit having a molecular weight of about 61-67 kD as analyzed by SDS-PAGE. 

2. An estrogen binding proteinaceous substance according to claim 1, which is a heterodimer, whereby one subunit 
of the murine substance is the 61-67 kD proteinaceous substance and the other subunit is a 17-22kD proteina- 
ceous substance, whereby the resulting heterodimer has a molecular weight of about 81 -84 kD as measured by gel 
electrophoresis. 

3. An estrogen binding heterodimer according to claim 2 having an iso-electric point of about 4.35. 

4. An estrogen binding heterodimer according to claim 2 or 3 which shows a single peak at 4.8 S in a sucrose density 
gradient centrifugatJon. 

5. An estrogen binding proteinaceous substance according to daim 2-4, comprising a further subunit of about 61- 
67kD respectively as measured by gel electrophoresis. 

6. An estrogen binding proteinaceous substance according to any one of the aforegoing claims which retains estro- 
gen binding activity in the presence of the reducing agent DTT. 

7. An estrogen binding proteinaceous substance according to any one of the aforegoing claims which does not show 
specific binding to anti-estrogen receptor antibodies. 

8. An estrogen binding pr teinaceous substanc according to anyone of the aforegoing claims further having serine 
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Fig 2. PAGE, 61-67 KDa band, 
silver staining (stng) 
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Fig 6. PAGE, blot, anti-calmodulin 
pure olmd, 2 cntr lanes, rest 




Fig 5. PAGE, blot, anti-<r,-antipln-pln. 
(left) pW (right) pure c^-antipln-pln 
complex m£> 




22 



EP 0 939 084 A1 



Fig 7. Immunohistoche/nLca I ( ira-hi. ) 
staining (stng) control, anti-rt^, 
mouse osteoblast PdP 
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Fig 9 . ^fc-aAcer cells 

MCF-7 human Dre«»=> 




Fxg 10. im-hi, anti-j^R, MCF-7, 
c iTto, nuc & nuc memb stng 
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Fig 1.1. im-hi., anti-pJiK, breast 
cancer, glanduLar, cyto, r uic & 
nuc memb stng 



- • 9*. 




Fig 12. Lm-hi, anti-p^iR, luman 
brain, cyto stng, neuronal col's 
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q 13. im-hi, control, anti-pKR, 
t brain, low magnification 
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Fig 16. im-hi, anti-pEK, rat 

brain, neuronal track stng, high mgn 




Fag 15. im-hi, anti-pBR, rat 
brain, neuronal track stng, med mgn 
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